Two polyomaviruses, BK virus (BKV) and JC virus (JCV), are ubiquitous in the human population, generally infecting children asymptomatically and then persisting in renal tissue. It is generally thought that reactivation leads to productive infection for both viruses, with progeny shed in the urine. Several studies have shown that the rate of JC viruria increases with the age of the host, but a systematic approach to examine the shedding of BKV has not been developed. To elucidate the relationship between BK viruria and host age, we obtained urine from donors (healthy volunteers or nonimmunocompromised patients) who were divided into nine age groups, each containing 50 members. A high-sensitivity PCR was used to detect BKV and JCV DNA from urinary samples, and the specificity of amplification was confirmed by sequencing or restriction analysis of the amplified fragments. The rate of BK viruria was relatively low in subjects aged <30 years but gradually increased with age in subjects aged >30 years. However, BK viruria was less frequent than JC viruria in adults. The detected BKV isolates were classified into subtypes, and detection rates for individual subtypes were compared among age groups; this analysis showed that viruria of subtypes I (the most prevalent subtype) and IV (the second most prevalent subtype) occurred more frequently in older subjects. Therefore, our results reveal new aspects of BK viruria in nonimmunocompromised individuals.
Humans are infected with two polyomaviruses, JC virus (JCV) and BK virus (BKV), and serological surveys have shown that both viruses are ubiquitous in the human population, generally infecting children asymptomatically (18) and then persisting in renal tissue (4, 7) . Both viruses are usually nonpathogenic for nonimmunocompromised individuals, but they cause clinically significant diseases in immunocompromised patients. Thus, BKV causes BKV-associated nephropathy in organ transplant patients (e.g., renal transplant patients) (8) , while JCV causes progressive multifocal leukoencephalopathy, typically in patients infected with human immunodeficiency virus (2) .
Renal JCV and BKV in nonimmunocompromised individuals are not latent but replicate frequently, excreting progeny viruses in urine. The incidence of JC viruria is known to increase with age and reaches nearly 70% at 80 to 89 years old (12, 13) ; in contrast, the shedding of BKV has not been studied systematically (15) , although it is likely that BK viruria is also age dependent. To establish the relationship between BK viruria and host age, we collected urine samples from nonimmunocompromised individuals (healthy volunteers and general patients, all of whom were Japanese). The urine donors were divided into nine groups based on age (0 to 9, 10 to 19, 20 to 29, 30 to 39, 40 to 49, 50 to 59, 60 to 69, 70 to 79, and 80 to 89 years old), with each group having 50 members. A high-sensitivity PCR was used to detect BKV DNA from urinary samples, and the specificity of amplification was confirmed by sequencing of the amplified fragments. In parallel, we analyzed the relationship between JC viruria and host age in the same subjects, and we classified the detected BKV isolates into subtypes by using a phylogenetic analysis based on nucleotide sequences. Our results provide several new insights into the reactivation of BKV in humans.
MATERIALS AND METHODS
Urine samples. Urine samples were collected in 6 mM EDTA (pH 8.0) from 351 outpatients who attended Nagareyama Central Hospital and Yasuda Children's Clinic as well as from 99 healthy volunteers (all Japanese). Urine samples were consecutively collected from outpatients attending the hospitals. The dropout rate was about 10% at Nagareyama Central Hospital and about 50% at Yasuda Children's Clinic. None of the patients were receiving immunosuppressive or anticancer drug therapy. The period of urine collection was from April 2005 to April 2006. Urine donors were divided into nine groups based on decades of age. The numbers of males and females and the mean age, median age, and standard deviation (SD) for each group are given in Table 1 . This study was approved by the medical ethics committee of the University of Tokyo Hospital, and informed consent was obtained from each patient.
DNA extraction. Urinary DNA was extracted from the virion fraction of urine as described previously (12) . In brief, after the removal of urinary sediment, urine samples were subjected to high-speed centrifugation at 100,000 ϫ g for 3 h to pellet the virions. DNA was extracted from the resulting pellets by digestion with proteinase K and subsequent phenol treatment. The DNA was then concentrated by ethanol precipitation and dissolved in 80 l of sterilized water.
PCR amplification. The 287-bp typing region of BKV DNA (10, 21) and the 610-bp intergenic (IG) region of JCV DNA (1) were amplified from urinary DNA (see above) by using HotStar Taq DNA polymerase (QIAGEN GmbH, Hilden, Germany) and primers described previously (16, 21) . A total reaction mixture volume of 50 l contained 2.5 l of urinary DNA, 1.25 units of HotStar DNA polymerase, 200 M of each deoxynucleoside triphosphate, 0.5 M of the primers, and a PCR buffer supplied by the manufacturer. After enzyme activation at 95°C for 15 min, amplification was performed for 50 cycles. The cycle profile was 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min. PCR products were electrophoresed on 1% agarose gels stained with ethidium bromide and photographed under a UV light. Amplification of the typing region of BKV DNA and the IG region of JCV DNA was repeated three times for each sample. The amplified fragments were purified with a Montage PCR centrifugal filter device (Millipore Corporation, Bedford, MA) and subjected to DNA sequencing (for BKV) or restriction fragment length polymorphism (RFLP) analysis (for JCV).
DNA sequencing. Amplified typing region fragments of BKV were subjected to a cycle sequencing reaction using a BigDye Terminator cycle sequencing kit, v. 3.1 (Applied Biosystems, Foster City, CA). The primers used for amplification (327-1PST and 327-2HIN) (21) were also used for the sequencing reaction. Sequencing was carried out with an automated DNA sequencer (3130 Genetic Analyzer; Applied Biosystems).
Phylogenetic analysis. DNA sequences were aligned using the CLUSTAL W program (22) , and phylogenetic relationships among DNA sequences were evaluated using the neighbor-joining (NJ) method (20) . CLUSTAL W with Kimura's correction (11) was used for analysis with the NJ method, and the phylogenetic tree was visualized using the NJ plot program (19) . To assess the confidence level of the phylogenetic tree, bootstrap probabilities (BPs) were estimated with 1,000 bootstrap replicates (5) .
RFLP analysis. An RFLP analysis with NlaIII (New England Biolabs, Inc., Ipswich, MA) was performed to distinguish various JCV genotypes prevalent in Japan (14) .
Determination of PCR sensitivity. The sensitivity of the PCR was determined using 10-fold serial dilutions of the plasmids pRYU-2 and pRYU-3 (belonging to subtypes I and IV, respectively) (17) and pCY and pMY (representing genotypes CY and MY, respectively) (23) . Each dilution was prepared in distilled water containing 1 ng/l of phage DNA. PCR using 10-fold serial dilutions of each plasmid was performed in the presence of urinary DNA lacking the target viral DNAs, and the amplified products were analyzed by agarose gel electrophoresis with visualization by ethidium bromide staining.
Statistical analysis. Statistical analysis was performed using the chi-square test with Yates' correction and Fisher's exact test, using the statistical software package SPSS. All statistical analyses were performed with numbers rather than with percentages. The significance level was set at 5%.
Nucleotide sequence accession numbers. The sequences of the BKV isolates described in this article have been deposited in the EMBL/GenBank/DDBJ data library and have been assigned accession numbers AB268362 to AB268480.
RESULTS

Assay validation.
To determine PCR sensitivity, we used recombinant plasmids containing full-length viral DNAs representing the major subtypes of BKV or the major genotypes of JCV prevalent in Japan (17, 23) . Using various amounts of these viral DNAs as the template, PCR amplification of the typing region of BKV or the IG region of JCV (see Materials and Methods for detailed conditions) was carried out in the presence or absence of urinary DNAs lacking the target viral DNA. PCR was repeated three times for each viral DNA.
In the absence of urinary DNA, both the BKV typing region and the JCV IG region were amplified in two or three of the three trials at 2.5 genome equivalents of the viral DNA and in all three trials at 25 and 250 genome equivalents. In the presence of urinary DNA, these regions were amplified in one to three of the three trials at 2.5 genome equivalents of the BKV DNA and in all three trials at 25 and 250 genome equivalents. These results indicate that (i) urinary DNA exhibited no significant inhibitory effect on amplification and (ii) at least three PCR trials are needed to detect a small amount of BKV DNA or JCV DNA (i.e., about 2 genome equivalents/ml of urine). We also attempted to amplify the noncoding control regions of BKV and JCV but found that the efficiency with which these regions were amplified was lower than the efficiency with which the BKV typing region or the JCV IG region was amplified (data not shown).
Detection rates for BKV and JCV DNA in various age groups. We attempted to detect BKV and JCV DNA from urine samples collected from 50 subjects (healthy volunteers or nonimmunocompromised patients) for each of the nine age groups (see Materials and Methods). PCR was repeated three times for each sample to detect the BKV typing region or the JCV IG region at the highest sensitivity (see above). Specific amplification was confirmed by DNA sequencing of amplicons (for the BKV typing region) or by RFLP analysis (for the JCV IG region). The results are shown in Table 2 and Fig. 1 and are summarized in the following paragraphs.
The BKV typing region was detected at rates that varied depending on subject age. Thus, the detection rate for the a Each group contained 50 subjects, and each subject gave a single urine sample.
b Amplification of the typing region of BKV DNA and the IG region of JCV DNA was repeated three times for each sample.
BKV typing region was relatively high (24%) in the 0-to 9-year-old group but declined in the 10-to 19-and 20-to 29-year-old groups. The detection rate then increased gradually with age, reaching the highest level (44%) in the 80-to 89-year-old group. Differences in detection rates among age groups were examined statistically: the detection rates in older age groups (i.e., the 60-to 69-, 70-to 79-, and 80-to 89-yearold groups) were significantly higher than in younger age groups (Fig. 1) ; however, there were no significant differences in detection rates among the younger age groups (i.e., the 0-to 9-, 10-to 19-, and 20-to 29-year-old groups).
The JCV IG region was detected at the lowest rate (10%) in the youngest age group (0-to 9-year-old group), and the detection rate then increased with age before reaching a plateau in the two oldest groups (70-to 79-and 80-to 89-year-old groups). A statistical examination showed that the detection rates for the IG region were significantly higher in older age groups than in younger age groups (Fig. 1) .
In the two youngest age groups (0-to 9-and 10-to 19-yearold groups), the detection rate for the BKV typing region did not differ significantly from that for the JCV IG region. However, the former detection rate was significantly lower than the latter in the older age groups (P Ͻ 0.01). Detection rates for BKV or JCV DNA did not differ significantly between males and females in each age group (data not shown).
BKV subtypes detected in various age groups. We unambiguously sequenced BKV typing regions (n ϭ 119) (Table 3) amplified from most subjects in the nine age groups, excluding three isolates (00-47, 60-06, and 60-07) that contained multiple BKV DNA sequences. An NJ phylogenetic tree (20) was constructed from the 119 sequences and from sequences previously identified as belonging to individual subtypes of BKV (10, 21). As shown in the tree (Fig. 2) , four major clusters with high BPs (95% to 100%) were identified. The cluster that contained the largest number of isolates was judged to correspond to subtype I, since 13 reference isolates (Dik, DUN, JL, KOM-4, KOM-20, MT, RYU-2, RYU-4, RYU-6, TW-1, TW-6, TW-8, and WW) for subtype I (10, 21) fell within this cluster. The cluster containing the second largest number of isolates was judged to correspond to subtype IV, since six reference isolates (isolate IV, KOM-22, RYU-3, THK-3, THK-8, and TW-3) (10, 21) were found in this cluster. In addition, two minor clusters were identified: one was judged to correspond to subtype II and the other to subtype III, since certain reference sequences (SB for subtype II and AS and KOM-3 for subtype III [10, 21] ) were found in the respective clusters. Excluding isolates from three subjects (00-47, 60-06, and 60-07), all isolates obtained in the current study were unequivocally classified as belonging to subtype I, II, III, or IV.
The numbers of isolates classified as belonging to each subtype are shown for individual age groups in Table 3 . For each BKV subtype, only a small number of isolates were detected in FIG. 1 . Incidence of urinary excretion of polyomavirus DNA in various age groups. There were 50 individuals in each age group. a, P Ͻ 0.05 versus the 20-to 29-year-old group; b, P Ͻ 0.05 versus the 10-to 19-year-old group and P Ͻ 0.01 versus the 20-to 29-year-old group; c, P Ͻ 0.01 versus the 0-to 9-, 10-to 19-, 30-to 39-, and 40-to 49-year-old groups and P Ͻ 0.01 versus the 20-to 29-year-old group; d, P Ͻ 0.01 versus the 0-to 9-year-old group and P Ͻ 0.05 versus the 10-to 19-year-old group; e, P Ͻ 0.01 versus the 0-to 9-and 10-to 19-year-old groups; f, P Ͻ 0.01 versus the 0-to 9-and 10-to 19-year-old groups and P Ͻ 0.05 versus the 20-to 29-year-old group; g, P Ͻ 0.01 versus the 0-to 9-, 10-to 19-, and 20-to 29-year-old groups; h, P Ͻ 0.01 versus the 0-to 9-, 10-to 19-, and 20-to 29-year-old groups and P Ͻ 0.05 versus the 30-to 39-year-old group. the nine age groups, and therefore, the subtype analysis was performed using three larger age groups, the 0-to 29-, 30-to 59-, and 60-to 89-year-old groups (Table 4 ). The findings can be summarized as follows: (i) subtype I was prevalent in all age groups, with proportions ranging from 71% to 77% of the detected isolates; (ii) subtype IV occurred with the second highest frequency in two age groups (30-to 59-and 60-to 89-year-old groups), with proportions of 13% and 25%, and subtypes II and III occurred only rarely in all age groups; and (iii) the incidence of subtype I was significantly higher in the 60-to 89-year-old group than in the 0-to 29-year-old group, and that of subtype IV was significantly higher in the 60-to 89-year-old group than in the 0-to 29-and 30-to 59-year-old groups (P Ͻ 0.01 and P Ͻ 0.05, respectively).
Effect of clinical status on detection rates for BKV and JCV DNA. Subjects were excluded from the study if they were receiving immunosuppressants or anticancer drugs. However, it is possible that BK or JC viruria occurred more frequently in subjects who were immunosuppressed due to other causes, such as pregnancy, renal failure, diabetes mellitus, and infection. To examine this possibility, we selected subjects aged more than 30 years from Nagareyama Central Hospital. These subjects were classified into four groups: one group (A) comprised subjects who did not seem to be immunosuppressed, and the other three groups (B to D) included subjects in whom mild immunosuppression appeared to be possible. The number of subjects, clinical status, and age distribution in each group are given in Table 5 , and the rates of BK and JC viruria are shown in Table 6 . The rates of BK or JC viruria did not differ significantly among the groups (P Ͼ 0.05 by the chi-square test) (Table 6) ; therefore, we concluded that a mild difference in immune activity has little effect on the rate of BK viruria.
DISCUSSION
Our results suggest several new aspects of BK viruria in immunocompetent individuals. Thus, we showed that (i) BK viruria occurs at low but significant rates in all age groups; (ii) in adults, the incidence of BK viruria increases with subject age; (iii) both subtype I and IV viruria occurs at higher rates in elderly individuals; (iv) the incidence of BK viruria in adults is about half that of JC viruria; and (v) a mild change in immune activity has little effect on the rate of BK viruria. These findings provide basic information required for an understanding of the interaction between BKV and humans.
Following primary infection, BKV persists frequently in the kidneys (4, 7) . It is thought that renal BKV exists in a latent form, and it is often stated that latent BKV is reactivated upon immunosuppression, excreting progeny viruses in urine (15) . However, this statement does not seem valid, since we found significant rates of BK viruria in nonimmunosuppressed individuals in this study. Thus, it can be hypothesized that productive infection of BKV occurs in the kidneys of a substantial proportion of immunocompetent individuals; this hypothesis predicts that the detection rate for BKV DNA in renal tissue should be essentially identical to that in urine if age-matched groups are compared. Therefore, to test the above hypothesis, we are currently examining the detection rate of BKV DNA in renal tissue samples from nonimmunosuppressed cadavers.
We observed a higher level of BK viruria in children than in younger adults (20-to 29-year-old group), although we were unable to provide statistical support for this result, probably due to the low number of subjects used for comparison. We assume that BK viruria in children is frequently correlated with primary infection, and this may explain our data; this assumption is based on a report that BK viruria was detected in a 15-year-old renal transplant recipient who showed seroconversion following allograft transplantation, probably due to pri- (16) 3 (2) a Based on the data in Table 3 . b UC, unclassified. c P Ͻ 0.01 versus the 0-to 29-year-old group and P Ͻ 0.05 versus the 30-to 59-year-old group.
d P Ͻ 0.01 versus the 0-to 29-year-old group. Since it has been shown that JCV has coevolved with human populations (24), we recently started a series of studies to elucidate relationships between BKV lineages and human populations (3, 9, 25) . In some of these studies, we used BKV DNA from urine samples collected from nonimmunocompromised individuals. The present study shows that BKV DNA of the two major subtypes (I and IV) is detected at higher rates in urine from elderly individuals; therefore, nonimmunosuppressed elderly subjects may be the most appropriate population in which to study the evolution of BKV.
In summary, our results show new aspects of BK viruria in nonimmunocompromised individuals. However, current practice guidelines recommend routine screening of serum for BK virus in all kidney transplantation recipients, and further study is required to determine how many subjects with BK viruria also have BK viremia and whether subjects without BK viruria can develop BK viremia.
